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(g) Hydrogel bandages. 

@ A hydrogel dressing is provided which is surtaUe X*^^J£*2. The 

^ bandage. The dressing consists of a layer of hydrogel ,n p ^ c Tng in^o the hydrogel and 

hydrogel facing surface of the , substrate .^^^ P ^ U J^ JKSerfc 9 fi| m . The hydrogel is 

S^^JSM — aSSUrCS 

SStonof the dressing to an adhesive coated bandage backmg. 
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Field of the Invention 

This invention relates to hydrogel bandages and methods for forming the same. 
5 Background of the Inventio n 

The use of hydrogels in the treatment and management of burns and wounds is well known in the art Hy- 
drogel dressings are further desirable because wound exudate does not generally dry and consolidate with 
hydrogels or hydrogel laminates. Consequently, removal of a hydrogel dressing is usually neither painful nor 
10 detrimental to the healing process. It has been suggested that hydrogel dressings may be particularly desirable 
for treatment of burns because they may accelerate healing. Although the mechanism by which hydrogels sti m- 
ulate healing is not fully elucidated, it is documented thjat the high water content of hydrogels enables them to 
effect an immediate cooling of the wound surface and to sustain the reduced temperature for up to six hours. 
Davis, et al., "A New Hydrogel Dressing Accelerates Second-Degree Burn Wound Healing," Poster Presenta- 
15 tion, Wound Healing Society First Annual Meeting, Galveston, Tx, Feb. 6, 1991 . In addition, water swollen hy- 
drogels may provide a cushioning effect that helps protect the burn or wound from physical trauma. 

U.S. Patent 4,438,258 relates to hydrogels which may be used as interfaces between damaged skin tissue 
and its external environment. As disclosed therein, hydrogels may be polymerized about some type of support, 
such as a mesh of nylon, used as an unsupported film, spun in fibers and woven into a fabric, or used as a 
20 powder. Further, hydrogels may be used to provide a controlled release of medical composition. 

U.S. Patent 4,552,138 discloses a wound dressing [material of at least one layer of polymeric, hydrophilic 
gel wherein the gel is cross-linked and acetalized with formaldehyde. As disclosed therein, a gel film may be 
formed by spreading a pre-crossl inked gel on an auxiliary carrier, drying and at the same time cross-linking 
the same by heat treatment. As used in this disclosure; uncrosslinked polyvinyl alcohol is dissolved in water, 
25 acidified, preferably by hydrochloric acid, and combined with an aqueous formaldehyde solution and left to 
react or pre-crosslink at 50-80°C for several hours to obtain a gelatinous mass wherein no further free aldehyde 
can be detected. Such gel films may be placed on the wound as such, but they are preferably processed to a 
laminated product with one or more carrier materials and used in this form. The carrier layers are laminated 
into or onto the pre-crosslinked gel layer and may be further crosslinked to bond more firmly with the gel. 
30 U.S. Patent 4,554,31 7 discloses a synthetic hydrophilic membrane prepared by graft polymerization of hy- 

drophilic monomers with a polyurethane substrate. This membrane is particularly useful as a wound covering 
material. In one embodiment of this invention, the graft polymerization is initiated by X-ray of gamma radiation 
or an initiator such as a cerium salt. 

EPO Publication No. 0 107 376 A1 discloses a tacky, non-rigid transparent and absorbent dressing com- 
35 prising a layer of cross-linked polyvinylpyrrolidone gel containing from about 75-85% water. The dressing may 
be prepared by dissolving between 15% and 25% by weight of polyvinylpyrrolidone in water and cross-linking 
the polyvinylpyrrolidone by means of ionizing radiation.! 

U.S. Patent 4,567,006 discloses a moisture vapor ipermeable, adhesive surgical dressing comprising a 
continuous film of a hydrophilic polymer. Such a dressing is suitable for use on moist wounds because it allows 
40 water to evaporate rapidly from the wound area in the presence of an excess of exudate but, as the amount 
of exudate diminishes, so does the rate of evaporationl The resulting amount of exudate is enough to keep 
the wound moist without causing blistering of the dressing. 

U.S. Patent 4,798,201 discloses a surgical dressing consisting essentially of a film which carries an ad- 
hesive layer for securing the dressing to the body. This 'dressing is also suitable for use on exuding wounds. 
45 U.S. Patent 4,407,846 discloses a method of producing a hydrophilic membrane from a polyethylene base 

film by first irradiating the film of thickness not more than 150 urn with ionizing radiation in air or an oxygen 
atmosphere. Then, without additional radiation, acrylic acid and/or methacrylic acid present in the form of an 
aqueous solution is grafted onto the irradiated film. 

U.S. Patent 3,669, 103 discloses a flexible support adapted to be caused to conform to a surface of a body, 
50 wherein the support confines a dry, solid, water-swellable, water-insoluble polymeric sorbent to absorb aqu- 
eous fluid elaborated by the body to which the support is! applied. The polymer sorbent is a lightly cross-linked 
polymer 

U.S. Patent 4 t 192,727 discloses a polyelectrolyte hydrogel and method for preparing the same. The poly- 
electrolyte hydrogel is formed by exposing an acrylate salt and acrylamide to a controlled intensity and dose 
55 of ionizing radiation to effect simultaneous cross-linking land polymerization thereof. The resulting hydrogel is 
an insoluble hydrophilic copolymer which can contain or absorb aqueous fluid. 

U.S. Patent 4,646,730 discloses a color stabilized sulfadiazine hydrogel dressing comprising a non-rigid 
layer of cross-linked polyvinylpyrrolidone gel having incorporated therein at least 0.1% by weight of silver sul- 
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fadiazine, which ge. has been exposed to electron beamjradiation and which gel also contains a colorstabi.izing 
amount of magnesium ^ g g 

water-soluble po,ymer derived from repeating units, rf^^^J^J^J^, polymer in 

an occlusive wound dressing comprising an adhesive 



polymer. 

EPO Publication numb applied to the fabric 

layer, a fabric layer bonded to the adhesive layer, a nya p po |ymeric layer of this dressing is 

layer, and at least one occlus.ve backing layer. The hydroph.lic ^oroe py y , _ 

and then irradiating it with UV or ioniz.ng radiation, j synthetic and natural 

U.S. Patent 4,871. 490 discloses 2-10% by weight 

polymers by radiation cross-l.nk.ng. The method .nvowe an aq polyethylene glycol. The sol- 

hesive. The gel is coated onto the polymeric adhes.ve and J^J^* ^^^09. The gel 

and products for affixing a hydrogel dressing to an adhes.ve coated bandage back.ng. 



Summary of the Invention 



any crosslinkable hydrogel polymer. j rro«linkable polymer and water. The 

Specifically, the dressing comprises a layer of hydrogel ^^^^Xdrogei facing surface 
hydrogel layer is in face-to-face relationship wttr .a; ^^^"^J^^Zinfl, Jfte«,b- 
and an opposed surface. The hydrogel facing •^«^"^^ 0 2£s^L«S any substan- 
strate and embedded into the hydrogel. The opposed 8 ^ , *2^ ne ^^?tS. invention, the poly- 

n the| substrate uprises a laminate of a polymeric film as the 



•SEE EUROPEAN PATENT APPLICATION NO. 93310065.3 
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hydrogel occlusive surface and a fibrous fabric on thejhydrogel facing surface. Projecting fibers from the fi- 
brous fabric provide the anchoring projections. Since most fabric comprises a network of fibers or bundles of 
fiber e.g., yarns, they inherently exhibit an irregular surface pattern of raised portions and intersections. The 
raised portion may also serve in combination with projecting fibers or alone, as the anchoring projections. In 

5 fact, any feature extending from the surface of the sutjstrate toward the gel may suffice to anchor the gel to 
the substrate after in situ crosslinking. 

In a further embodiment of this invention the dressing is positioned upon a pressure sensitive adhesive 
coated bandage backing. The dressing is adhered to the backing by adhesion between the hydrogel occlusive 
surface of the dressing and the pressure sensitive coating. 

w j 

Brief Description of the Drawings j 

i 

Figure 1 is an enlarged, schematic cross-sectionaj view of a portion of a hydrogel dressing embodying 
the teachings of this invention; I 
15 Figure 2 illustrates, in perspective view an adhesively attachable bandage having positioned thereon the 

hydrogel dressing of Figure 1; and 

Figure 3 is a cross-sectional view of the bandage cjf Figure 2, taken through line 1-1 thereof. 

Detailed Description of the Invention 

20 | 

This invention relates to hydrogel dressings, useful in absorbent products such as bandages. Hydrogels 
are three-dimensional networks of hydrophilic polymers, generally covalently or ionically cross-linked, which 
interact with aqueous solutions by swelling to some equilibrium value. These cross-linked gels are generally 
formed from synthetic polymers such as polyvinylpyrrolidone; polyethyleneoxide; polyacrylate, polymethacry- 

25 late, and polyacrylamide polymers and copolymers, multivalent alcohols (such as polyvinylalcohol); biopoly- 
mers(such as gelatin, agar); or combinations thereof. For the purpose of preparing bandages or wound dress- 
ings, as in this invention, additional agents may be incorporated into the hydrogel, such as, but not limited to, 
color stabilizers or coloring agents, and medicaments such as antibacterial agents. 

A preferred hydrogel for use in this invention is crosjslinked polyvinylpyrrolidone (PVP). Best results have 

30 been achieved using PVP polymers having a viscosity average molecular weight of about 100,000-1,000,000 
and preferably about 200,000-900,000 An especially preferred PVP polymer is PVP K-90, available from GAF 
Corporation, Wayne, New Jersey, having a viscosity average molecular weight of about 700,000. The viscosity 
average molecular weight was derived by the method ^described by W. Scholtan, Makromol Chem., 7, 209 
(1951) and J. Hengstenberg et al. Makromol Chem., 7, 236 (1951). The hydrogel preferably comprises about 

35 5 to 40, preferably about 10 to 30, weight % of the polymer complemented by about 60 to 95, preferably 70 to 
90, weight % water. If the molecular weight of the PVP is too high, solution viscosities become too high to work 
with. If too low, effective crosslinking is difficult to achieve. 

Referring now to Figure 1 illustrated there schematically is a cross-sectional view of a hydrogel dressing 
10 embodying the teachings of this invention. A layer of hydrogel 12 is coated onto the surface of a substrate 

40 14 before the crosslinkable polymer of the hydrogel is crbsslinked. The substrate 14 comprises a hydrogel fac- 
ing surface 16 and an opposed surface 18. The substrate 14 is chosen such that the hydrogel facing surface 
presents anchoring projections 20 extending into the coating hydrogel layer 12. The opposing surface 18 is 
chosen so as to provide a hydrogel occlusive surface which will prevent the passage of any substantial quantity 
of hydrogel therethrough. 

i 

45 We have discovered that by producing the dressing described in general terms above and then crosslinking 

the hydrogel polymer in situ on the surface 16, the hydrogel layer, by virtue of the cooperation between the 
projections 16 and the in situ crosslinked polymer, is resistant to delamination from the substrate 14 to the 
extent satisfactory for producing a dressing for an adhesive bandage. At the same time, the hydrogel occlusive 
surface may be applied to an adhesive coated backing to form a bandage. Because of the occlusive nature 

so of the opposed surface of the substrate, the dressing will adhere to pressure sensitive adhesive and resist 
delamination. It should be understood that, absent sucrtan occlusive surface, the water present in high con- 
centrations in the hydrogel would preclude such adherence and, heretofore, has represented a great drawback 
in attempts to produce adhesively attached bandages employing hydrogel dressings. 

The substrate meeting the requirements set out above may take many alternative forms, as can be un- 

55 derstood by one skilled in the art from the teachings set but herein. The criteria for the material making up the 
occlusive surface is that it must be occlusive to the extent that hydrogel is prevented from interfacing with ad- 
hesive, it must be adherent to the pressure sensitive adhesive of a coated bandage; it must be non-toxic and 
safe to use in conjunction with wounds; and it is preferably flexible and body conformable to the extent required 
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for bandages. FHm-like materia, sue, as po,^ ^^^^^-aS^S 
acetate; or even other occlusive films such as waxes V™*^™" g Jj s so ld by the DuPont com- 
a block copolymer of oo.ybuty.ene ^^^^^2 ma teSi should preferab.y be present 
pany as Hytrel. Primarily for process^ , reason* ^<g™ ffom ^ 2 to aboul 4 mils in thickness, 
in a thickness of from about 1 mil to about 5 mi s and pre y ^ ^ anchonng projec - 

,t is envisioned that the hydrogel facing surface of ^ « W«te^ 
tions 20 by incorporating, onto the occlusive ^^^^ on fester, wood pulp, cotton, cotton 
and generally, will be in the form of fibers. Such f '^^^^"J^ I me rely affixed to the materia. 
,inter. woo. or combinations thereof may al. beus^W ™*^bers are in the form of a paper, board or 
ofthe occlusive surface in a r = 
fabric, (woven or non-woven) and either coaiea w.u> 

thereto. ■ , • ij ic nrpfprred that the layer of fibers produce a thickness 

In whatever way the fibrous matenal » provided it is ^ may pre ferably vary from about 

The dressing is. constructed in accordance with ^J^SSSTsltu on the hydrogel facing sur- 
droge, powers. According,,. » p^*** j*. ^ acel . 

adhere the polymer to the substrate. , man.rfarturina benefit After the first dose 

.rradiating the hydrogel dressing in two doses *.so prov.des [Q be die cut in to 

of ionizing irradiation, the hydrogel .ayer is P artia,, ^°t^ t^^^ 

»he desired shape and size. These die cut dressings rS^^^^S^L sea.ed containers are 

in the art that other bandage configurations may embody the teachings here*. 
The advantages of the invention are illustrated by the following examples. 

Comparative Exampie 

To^rate .he—, encoded in joying hydroge, *e**£ ^"^I^ZS 
, sure sensitive adhesive bandages, .he following ^^^T^^^^TJS, a pressure 
a 2 mH .hi* oope.yes.er ether elastomer (Hy.re, 47 78 rrorn d upon, 1 MonsL. Cor- 

the following composition was prepared: 
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10 



15 



20 



25 



Component 



Polyvinylpyrrolidone (Plastone K-90from GAF Corp.) 

Methyl Paraben 

Ethyl Paraben 

Propyl Paraben 

Butyl Paraben 

2-Phenoxyethanol 

Water . 



% by Weight 
20.00 
0.26 
0.03 
0.05 
0.01 
0.50 
79.15 



Si*tygmsoftheso^n„ 
,ayer comprising a fusible fiber fabric ^^^^^Z^g layer. . 
hydrogel. A 7 mil thick release film of polyethylene was ^piacea ^ [q ^ the rem . 

hV The top plate of the mold was placed ^j^^ ^^tt cture as then removed from the mold 
forcing layer to become embedded mto the hydrogel Jhe ^sultmg ^ g 0 

and then irradiated using a two-pass electron earn P between ^ hydrogel 

Example 1 

An adhesive coated backing ^^^^^—^^^^ 
hesive side up. A substrate, conforms to the , teac ^ ™ onto one side as the occlusive surface, 

fiber side up. The substrate is a ™™™ en ^™™£ The fabric had the following composition, 
a film of low density polyethylene at a lay down of 2 oz/yd . 



30 



35 



40 



45 



50 



55 
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I °< by Weight 

Com ponent 

Rayon Staple Fiber 68 " 

1.5*dpf # 1-9/16" length 
(8171; BASF) 



Polyester Staple Fiber 
1.5 dpf, 1.5" length ! 

(Fortrel 310, Fiber Industries) 

I 

\ 

Acrylic Polymer Emulsion 
(Rhoplex HA-8; Rohm and Haas) 

Silicone Antifoam Emulsion 
(Antifoam Y-30; Dow Corning) 



29.40 



1.73 



0.01 



Sodium Dioctyl Sulf osuccinate Surfactant 0.08 
(Deceresol OT Special, Cyanamid) 

0 18 

Ammonium Phosphate, Dibasic 
(Stauffer Chemical) 

★Denier Per Filament 

The fabric basis ~»> Is ,.B ez/yard «~ 4> « - J*- «?-» ™ % 
polyester. The acrylic binder (HA-8) is applied by ^^^"J^^ spread over the fibres 

as described in the foregoing example. j cllh o t ratP as well as the adhesion between 

,h e ~r^^ 

and none of the layers could be readily peeled apaijt. 
Example 2 

Agelbandagewasmadeinaccordancew^ 

substrate was employed. The - bs "^ Irs and 20% by weight of rayon 

feeding a picker lap comprising a blend of 80 /„ b^ weignt oico „ ^ ^ 

fibers to a standard carding engine. The bl com^ 

hu DAc Fn f Charlotte N C. The b component fibers ihad a polyester core wmi^ y j 
^e^" and 1,6 inch staple and - -> 

The formed web of individualized f .bers weighing 0.98 Jhf} bQnded 

through a thru airbonder at 35 ft/min. at a drum temperature ^^S^^Ba^, 
web was rol.ed up. The thru air bonder was supphed by ^^^X^^^ ethylene viny, 

The bonded rolled up web was combined ^ ^ J and identified as EVA 456. The 
acetate/ethylene film which was supplied by Edison Plastics of boson, in 
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film was 1.5 mil in thickness. The EVA side of (he coextruded film was placed in contact with the nonwoven 
fabric. 

The film/bonded nonwoven were combined by processing them through a belt laminator at a speed of 4 5 
yds/mm under a belt tension of 40 psi and a roll pressure of 35 psi with a temperature setting of 11 5*C The 
5 belt laminator was a model MTC 101-1000 as supplied: by Stork of Charlotte, N.C. 

When this substrate was employed in the gel dressing as per the prior example; and tested for delamination 
properties, it was found to resist such delamination. 

10 Claims 

1. A hydrogel dressing suitable for use in a pressure sensitive adhesive bandage comprising: 
a layer of hydrogel, said hydrogel comprising a crosslinkable polymer and water; 
said hydrogel layer being in face-to-face relationship with a substrate, said substrate having a hy- 
15 drogel facing surface and an opposed surface; f 

said hydrogel facing surface comprising anchoring projections extending into said hydrogel layer; 
said opposed surface being hydrogel occlusive; and said hydrogel being crosslinked, in situ, on 
said hydrogel facing surface and thereby anchored to said surface. 

20 2. The dressing of claim 1 wherein the hydrogel facing surface comprises fibers. 

3. The dressing of claim 2 wherein said fibers are selected from the group consisting of rayon, polyester, 
wood pulp, cotton, cotton linters, wool fibers or combinations thereof. 



25 



30 



35 



4. The dressing of claim 2 wherein the fibers are in the form selected from the group consisting of paper, 
board, or fabric. 

5. The dressing of claim 4 wherein the fabric is a noriwoven fabric. 

6. The dressing of claim 2 wherein the fibers have a length of from about 1/32 inch to about 3 inches. 

7. The dressing of claim 2 wherein the fibers have a fJenier per filament of from about 0.5 to about 2. 

8. The dressing of claim 2 wherein the fibers are present in a fibrous layer having a thickness of about 5 to 
about 15 mil. 

9. The dressing of claim 8 wherein the fibrous layer has a thickness of about 8 to about 12 mil. 

10. The dressing of claim 1 wherein the opposed surfajce of the substrate comprise a film of hydrogel occlu- 
sive polymer 
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